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I. Introduction
The purpose of my Honors Research Project was to assist Dr. Megan

Klingenberg in completing part of the research in her final dissertation project. Dr.
Klingenberg’s project was based off of a study done by Allen and Ison in 2010.
This study tested the auditory spatial acuity of mice using pre-pulse inhibition of
the startle reflex as the response for detecting the sound stimulus. The goal of
Dr. Klingenberg’s AuD project was “to explore the methodological, functional, and
genetic influences on sound localization using pre-pulse inhibition of the acoustic
startle response in mice”. Dr. Klingenberg’s project was broken into three
sections: the effect of the test chamber on acoustic startle responses, the effect
that the EphA4 mutation would have on the mouse’s ability to localize sound, and
the ability to use the acoustic startle response (ASR) to study efferent
processing. My role in the research was to work on the first goal of the project in
finding a chamber that would accurately reproduce Allen and Ison’s findings. In
this reflection, I will describe the basic terms used in the experiment, the
importance and benefits of working with mice in a research setting, the general
procedure of the experiment, the results from the various chambers, and a brief
description of my experience in the lab.

II. Terms
It is important to understand the many concepts and terms related to the
experiment. First, an understanding of sound localization is necessary to
understand the roles of the mice and the various chambers. Sound localization is
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one of the most important aspects of hearing. It is defined as our ability to know
where a sound is coming from and is the basis of our ability to hear in noise.
There are two main anatomical features that allow us to localize sound. The
shape of the pinna (the outer ear) allows us to distinguish sounds that are in front
of us from sounds that are behind us. The anatomical position of having two ears
on either side of our head is also an important feature (Localization 1). The ability
to localize sound is an extremely important ability and is the main focus of the
research project.
The next important term to understand is the acoustic startle reflex (ASR).
Mammals startle when they hear a loud, unexpected sound. This startle is
categorized by an involuntary extension followed by a flexing of various muscles
(Gulinello 1). This reaction is called the acoustic startle reflex. The acoustic
startle reflex was what was measured in the experiment to show the mouse’s
ability to localize the sound and it’s reaction to the startle stimulus.
The final important term that is important in the experiment is pre-pulse
inhibition. According to Dr. Maria Guilinello from the Albert Einstein College of
Medicine, Pre-pulse Inhibition is defined as “a neurological phenomenon in which
a weak pre-stimulus (pre-pulse) inhibits the reaction to a subsequent strong,
startling stimulus” (3). In other words, if the mouse is able to localize sound, then
it will be able to hear the pre-stimulus sound and, in turn, its startle response will
decrease over time. This phenomenon is shown below.
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http://en.wikipedia.org/wiki/Prepulse_inhibition

There are various factors that affect PPI such as the duration of the pre-pulse
stimulus and the amount of time between the presentation of the pre-pulse
stimulus and the startle stimulus. Like the experiment done by Allen and Ison, the
sound localization abilities of the mice in our experiment were studied by using
PPI from a 180° speaker swap with varying interstimulus intervals (ISIs). This will
be further discussed in the methods and materials section.

III. Mice
Mice are good subjects to work with in a research setting because of their
many similarities to humans. Mice are also convenient in that they are easy to
house and take care of, they are small and easy to work with, and they
reproduce quickly. The biological, behavioral, and genetic characteristics of mice
are also similar to humans, so it is easy to replicate human conditions in mouse
studies (Melina). According to the Jackson Laboratory website, over 95% of the
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mouse genome is similar to the human genome. This makes testing effects on
mice applicable to human diseases and genetics.
One particular similarity of humans and mice that is important in this
experiment is their ear placement. Mice are able to localize sound similarly to
humans because both species’ ears are placed in similar positions relative to
their heads. Mice are a popular species to study when researching hearing loss
because they exhibit both naturally occurring and genetically engineered
impairments in hearing. There are many similarities between the hearing of mice
and humans such as: the appearance of inner ear defects, the appearance of the
inner ear structures, and the organization of homologous loci in chromosomes
(Steel 68). According to Dr. Klingenberg’s research, approximately 99% of the
genes found in mice have a human counterpart and many of these genes are
directly aligned to those of humans. These facts provide evidence that mice are
good subjects to use to model the many defects and hearing-related
characteristics that humans may have. Dr. Klingenberg hoped to transfer the
data obtained from the experiment to demonstrate the effects of genetic strain on
the ability to localize sound. Due to the similarities between the two species, the
results of the genetic strains tested in mice could potentially be transferred to the
same genetic mutation in humans.

IV. General Procedure
The test procedure of the experiment was based off of the experiment
done by Allen and Ison in 2010. All of the trials were done exactly the same way
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with the only change being the chamber used. The set-up of the experiment was
done in the same sound-proof booth (as pictured below), with two SSwap
speakers at an 180° angle on either side of the chamber.

In the speaker swap (SSwap), the pre-stimulus was presented as a noise that
shifted between the two speakers that were on either side of the mouse’s head.
The pre-pulse stimulus was the same throughout all of the trials and was
presented as a continuous broadband noise at 70 dB. The startle stimulus was
given with the speaker above the mouse’s head, as shown above. This stimulus
was presented for 15 milliseconds at 120 dB. The mice were given a two-minute
period in the booth prior to the start of the test for acclimation purposes and the
test on each mouse took approximately one hour. There were 176 trials that were
broken into eleven blocks of sixteen trials. In each individual trial, there was a
pre-pulse presented in a random order of varying inter-stimulus intervals that
played prior to the startle stimulus. There were 13 ISIs that lasted 1, 2, 5, 10, 20,
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30, 40, 50, 60, 100, 150, 200, and 300 milliseconds, two trials that presented no
pre-pulse prior to the startle stimulus, and various control trials that were taken to
measure the baseline data (Klingenberg).

V. Chambers and Results
The experiment aimed to repeat Allen and Ison’s findings in order to
discriminate the differences between the various trials and chambers. The basic
goals of the chambers in the experiment were to optimize the mouse’s ability to
localize sound, while decreasing the mouse’s ability to move excessively
throughout the duration of the experiment. Three different cages were tested to
try to achieve the same results as Allen and Ison. Dr. Klingenberg tested the first
two cages and I was responsible for creating the third cage to improve the data.
The first set of trials were done with the San Diego Instruments’ Plexiglas
chamber as pictured below.
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This cage did not achieve an accurate startle response because the mice were
able to easily move around in the cage. Also, the chamber was not optimal for
hearing purposes because the air slits were on top of the cage rather than being
on the sides. The ears of the mice, when they were stationary, were not open to
be able to optimally hear the pre-stimulus sounds presented. Overall, this cage
did not provide accurate results with relation to Allen and Ison’s data.
The results of the second cage were slightly better, but still did not provide
results that were comparable to the test by Allen and Ison. The second cage was
constructed out of a PVC pipe by Mark Starnes in the JMU Machine Shop. As
pictured below, this chamber provided slits on the sides of the cage and holes on
the top of the cage.

	
  

Although it provided better opportunity for the mice to hear the pre-pulse stimuli
on each side of the chamber, it still allowed the mice to turn around during the
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test, skewing the startle response data. The data was closer to that of Allen and
Ison, but still did not accurately portray the same results.
The third chamber was much different than the other two chambers in that
it had the ability to restrain the mouse from turning around during the experiment.
We brainstormed many ideas for this cage to try to obtain the results we needed
and found this cage on the internet. It is made by the Sterling Company and was
made to restrain small mammals. As shown below, there are various bars that
run vertically across the cage.

	
  
Two of the bars lift out in order to place the animal inside the chamber. The
knobs on either side of the chamber allow the researcher to lengthen or shrink
the size of the cage. This chamber was optimal in that it allowed the ears of the
mouse to be exposed and prevented the mouse from moving excessively during
the trials. As pictured below, the cage provided an open environment for the
mouse to breath and hear the pre-stimulus tones.
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The mice did not move as much as they had in the previous chambers and the
results, as shown below, were comparable to those of Allen and Ison.
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This graph shows the responsiveness of all of the mice in the chamber. The data
of all three chambers is compared to Allen and Ison’s data for comparison. The
first chamber achieved a 17% responsiveness, the second a 33%
responsiveness, and the third a 100% responsiveness as compared to Allen and
Ison’s results. From the data, we can conclude that the test chamber is critical in
using PPI to test sound localization in mice.

VI. Lab Experience
Working in the lab was an extremely valuable experience to my
undergraduate career. Prior to starting this research project, I was unaware of
the many challenges and requirements that researching in a lab consisted of.
The information that I learned from working in the lab were the difficulties of
working with animals, the time restraints, and the many unforeseen difficulties
that appear throughout the process.
Working with animals in research is a very tedious process. From the
initial training process to making sure that the animals are extremely well taken
care of, the overall experience was much more detailed than I had expected. It is
required to come into the lab daily to check on the mice and to replenish their
supplies. A complete cleaning of the entire lab and the mouse cages was also
required weekly. I did not realize that it was necessary to clean so excessively
and check on the mice so frequently in a research setting.
Secondly, I learned that time management is a requirement when working
in the lab. Prior to this experience, I was not used to having to base my schedule

	
  
12	
  

	
  

	
  

off of other people so frequently throughout the week and was not used to
meeting with people as often as I did during this time period. I have not had much
experience with working on a team prior to this research project, so this was a
good experience to prepare me for graduate school. We were required to come
into the lab daily to check on the mice, so it required all of us to know when we
were responsible for going to the lab and when we all were meeting to clean the
lab. I also had to touch base with Dr. Gray and Dr. Megan Klingenberg regarding
my findings and difficulties. I enjoyed working on a team and it certainly taught
me that teamwork can provide better results than working alone. The time
management required was a positive learning experience for me and has
certainly helped me prioritize my schedule.
Thirdly, I learned that many difficulties arise in the research setting. Dr.
Klingenberg had many problems with her prior two cages, so it was difficult to
brainstorm an idea for the third cage. Prior to finding the Sterling Company
mouse chamber online, we originally had planned to create another cage in the
workshop. The difficulties with the Sterling Company chamber arose when we
could not come up with a way to balance the sensory board on the chamber. We
eventually came up with the solution of placing it on the blocks that we used, but
it required a lot of brainstorming and failed attempts.
Overall, I greatly enjoyed my research experience. I learned a lot
throughout the entire process and I know that the experience will help me
tremendously next year in graduate school. I learned to enjoy working with other
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people and am thankful for the leadership and knowledge that Dr. Lincoln Gray
provided me with.
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